We report for the first time a significant increased lymphoproliferative response to alpha tropomyosin as well as observing autoantibodies to tropomyosin observed in Behçet's disease (BD) patients with posterior uveitis. Peripheral blood mononuclear cells (PBMCs) from 18 BD patients with posterior uveitis, 18 patients with other forms of noninfectious uveitis, 9 patients with retinal damage due to photocoagulation as well as 18 healthy donors were evaluated for antigen-specific lymphoproliferative responses to alpha tropomyosin and its derivative peptides. The proliferative responses of PBMCs to these antigens were studied using 3 H thymidine incorporation assay. Serum samples were also screened by ELISA for autoantibodies against tropomyosin. Six of the 18 (33%) BD patients with posterior uveitis showed increased proliferative response to alpha tropomyosin or its derivative peptides, while none of the healthy, disease controls were positive. The mean lymphoproliferative responses to tropomyosin were significantly higher ( P < < < < 0·02) in the BD patients compared to healthy or disease controls. Higher titres of anti-tropomyosin antibodies were also seen in four of the 18 BD patients but none in the healthy or disease control groups ( P < < < < 0·002). The occurrence of these abnormalities supports a possible role for alpha tropomyosin as a self-antigen in a subset of patients with Behçet's disease.
Introduction
Behçet's disease (BD) is an inflammatory disorder involving multiple systems including the eyes, skin, oral cavity, joints, genital system, central nervous system and blood vessels [1] . In the eye, BD is a major cause of posterior uveitis and visual loss [2] . Ocular inflammation constitutes one of the major diagnostic criteria for Behçet's disease and the principal manifestations include posterior uveitis and retinal vasculitis, predominantly affecting the retinal veins [3] . Even though numerous aetiologies have been put forward, BD is believed to be autoimmune in origin [4] . Laboratory studies show the presence of autoantibodies in Behçet's patients to oral as well as ocular antigens [5, 6] . Other groups have shown immune responses to retinal S antigen and interphotoreceptor retinoid binding protein in BD patients with ocular complications [6, 7] .
Tropomyosins are a family of proteins expressed in muscle as well as in nonmuscle cells including epithelial cells, fibroblasts, and platelets. It is the simplest form of alpha helical fibrous proteins consisting of two identical polypeptide chains wound around each other [8] . In nonmuscle cells, tropomyosin forms an integral part of the cytoskeleton and is involved in the regulation of cellular contraction. Invertebrate tropomyosins are a major food allergen, and it is believed that cross-reactivities to the crustaceans are due to this protein [9] . Autoimmune responses to tropomyosin and related antigenic epitopes have been reported in other chronic diseases including ulcerative colitis [10] Alzheimer's disease [11] and autoimmune hepatitis [12] .
Recent work showed the presence of autoantibodies to alpha tropomyosin in serum samples from patients with Behçet's disease, and immunization with alpha tropomyosin induced uveitis in Lewis rats [13] . Experimental animal model of uveitis as well as evidence from clinical disease in humans demonstrates that T cells of Th1 subtype play an important role in etiopathogenesis of posterior uveitis [14, 15] . Moreover, evidence from literature points to the role of T cells in the underlying mechanism in the pathogenesis of Behçet's disease [2] . Hence this study was initiated to learn whether peripheral blood cells from BD patients with posterior uveitis might manifest antigen-specific immune responses to alpha tropomyosin. We here report for the first time, that peripheral blood cells from a subset of BD patients displayed a specific response to alpha tropomyosin and its derivative peptides when compared to healthy or disease controls. These findings indicate that an autoimmune response to tropomyosin might characterize a subset of patients with Behçet's disease.
Materials and methods

Patients
Eighteen BD patients with posterior uveitis (BD group) who fulfilled the diagnostic criteria of the International study group for Behçet's disease [2, 3] and were followed in the outpatient clinic at the National Eye Institute were studied. Eighteen patients with other forms of noninfectious uveitis including anterior uveitis, retinal vasculitis, sarcoidosis, panuveitis, Birdshot retinochoroidopathy (non BD group), 9 patients with end stage diabetic retinopathy who had undergone pan retinal photocoagulation and 18 healthy individuals served as controls. Blood samples from all subjects were obtained after IRB approval and informed consent prior to enrollment. While BD, diabetic as well as other noninfectious uveitis patients were enrolled from the outpatient clinic of National Eye Institute, blood samples from healthy donors were obtained from NIH blood bank.
PBMCs and serum samples
Blood samples were collected either in heparinized tubes for isolation of PBMCs or in sterile glass tubes without anticoagulants to collect serum. PBMCs were isolated immediately by density gradient centrifugation using Ficoll-Paque plus® (Amersham Biosciences Corporation, NJ, USA) as previously described [16] . PBMC's from both patients and control blood samples from NIH blood bank were isolated within 2 h of collection and were used for proliferation studies on the same day to avoid sample variations. Collected serum samples were frozen at -20 ∞ C for later ELISA assay.
Antigen-specific lymphoproliferative assay
To avoid any artifact effect during freeze-thaw procedure, the isolated PBMCs were used immediately for the antigenspecific lymphoproliferative assay. Briefly, the isolated PBMCs were cultured in 96-well flat bottomed plates (Nalge Nunc International, Rochester, NY, USA) at 2 ¥ 10 6 /ml in 0·2 ml/well of RPMI-1640 medium (Gibco-BRL, MD, USA) containing 10% human AB serum (Sigma, St. Louis, MO, USA) supplemented with 2 m m glutamine, 1 ¥ antibiotics and antifungal cocktail (Gibco-BRL). All experiments were done in triplicates. Bovine tropomyosin was purchased from Sigma, and the recombinant human muscle tropomyosin was a generous gift from Dr Hitchkock-DeGregori (Department of Neuroscience and Cell Biology, Robert Wood Johnson Medical School, NJ, USA). The sequences for the tropomyosin derivative peptides were P 1 (5-21: KKKMQML KDKENALDR), P 2 (73-89: LAEKKATDAEADVASLN) and P 3 (201-217: TNNLKSLEAQAEKYSQK). For cell stimulation, 100 m l of cell suspension were plated with 100 m l of culturing medium in the presence or absence of the following stimulants in final concentrations: bovine tropomyosin (BT, 10 m g/ml or 20 m g/ml), human tropomyosin (HT, 10 m g/ml or 20 m g/ml), synthetic tropomyosin peptides (P 1 , P 2 or P 3 at 10 m g/ml or 20 m g/ml), or the mitogen ConA (2 m g/ml, CalBiochem, San Diego, CA, USA). After 5 days culturing at 37 ∞ C in 5% CO 2 , the cultures were pulsed with 3 H thymidine (2·5 m Ci/ml) (Amersham, Buckinghamshire, UK) and continuously cultured for 8-10 h. The cells were then harvested and uptake of 3 H thymidine was measured by a beta counter (Perkin Elmer life sciences). The effect of antigen stimulation was expressed as stimulation index (SI), e.g. the ratio of mean counts per minute with stimulant to mean counts per minute without stimulant. A stimulation index of above Mean + 3 SD of the normal healthy control was considered as significant proliferative response.
ELISA for anti-tropomyosin antibodies
To screen sera for anti-tropomyosin antibodies, a direct tropomyosin ELISA assay was established in the laboratory. The pilot experiments determined the optimum conditions for the ELISA assay, including coating, blocking and assaying buffer, optimum concentrations for coating antigen, dilution of HRP conjugate as well as other assaying conditions. The sensitivity of the ELISA assay was determined to be around 200 pg/ml. For screening, briefly, 96-well flat-bottomed microplates (Immulon 4Hbx, Thermo Labsystems, MA, USA) were coated with 1 m g/ml of tropomyosin in 100 m l of PBS at 4 ∞ C overnight. The plates were washed 3 times with washing buffer (PBS/0·1% Tween-20) and blocked with blocking buffer (PBS/0·1%Tween-20 containing 0·5% non fat milk) at room temperature for 2 h. The plates were then washed with washing buffer and patient serum samples diluted in PBS (1 : 10, 1 : 50, 1 : 250 and 1 : 1250) were added and incubated at 37 ∞ C for 2 h. The plates were again washed with washing buffer and 100 m l/well of detecting antibody in 1 : 10 000 dilution (HRP conjugated anti-human IgG antibody, Pierce laboratories, PA, USA) was added. At the end of a 20-minute incubation period at room temperature, the plates were washed, and TMB substrate solution (Pierce laboratories) added at 100 m l/well. The reaction was stopped by addition of 50 m l/well 0·2 m H 2 SO 4 and the plates read at 450 nm by an ELISA reader (Labtech instruments, MO, USA). The optical density (OD) background values were determined as the mean of the OD values from wells with no coating antigen. The background values were subtracted from the test values. Standard serum, described earlier [13] included in the plate served as positive controls. A value of Mean + 3 SD of the normal serum samples was taken as the cut-off value. All samples were measured in duplicate.
To demonstrate that the autoantibodies present in patients' sera were specific against tropomyosin, sera were preincubated with 10 m g/ml and 20 m g/ml of tropomyosin antigen at 37 ∞ C for 30 min. The tropomyosin blocked serum samples were then tested using the same ELISA assay for titres of anti-tropomyosin antibodies.
Statistical analysis
Analysis of lymphocyte proliferation as well as serum tropomyosin antibodies was done using independent Student's t -test. P -values £ 0·05 were considered statistically significant.
Results
Clinical information
Eighteen patients with BD were included in this study. All patients had a history of posterior uveitis, as well as recurrent oral ulcers (9 males, 9 females, mean age 40·3 ± 15·4 years). Fourteen (77·78%) patients had genital ulcerations; 11 (61·11%) had arthritis and 8 (44·44%) had skin involvement (Table 1) . 17/18 patients were clinically quiescent and all the patients had a long duration of disease ranging from 2 to 20 years. At the time of sampling, 14/18 patients were on treatment. Six patients were on more than one drug. Six were on treatment with systemic steroids while two patients were on cyclosporin. Four patients were on Steroid/Cyclosporine. Six patients who had very severe disease with ocular ischemia had reached end stage and were on no treatment. Eighteen (9 males and 9 females, age 45·1 ± 13·1 years) uveitis patients (anterior uveitis = 2, primary retinal vasculitis = 4, sarcoidosis = 3, intermediate uveitis = 2, panuveitis = 5, Birdshot retinochoroidopathy = 2) ( Table 2) as well as 9 patients with severe diabetic retinopathy (5 males and 4 females, age 55·4 ± 12·1 years) who had undergone photocoagulation treatment served as disease controls. Control blood samples obtained from NIH blood bank were (9 males, 9 females; age 40 ± 12·4 years) age and gender matched to the study group.
Lymphoproliferative responses to tropomyosin antigen and its derivative peptides
Using 3 H thymidine assay we evaluated the lymphoproliferative responses of the patient as well as controls. The range of proliferation values for the normal healthy controls was in the range of 200-500 CPM while that of the BD patients who responded ranged from 2000 to 15000 CPM. We were interested in knowing whether the lymphocytes from BD patients with posterior uveitis would respond to the stimulation of tropomyosin and its derivative peptides and whether there would be differences comparing with patients in the non-BD group or healthy donors. Figure 1(a-d) shows the proliferative responses among BD patients, non-BD groups and healthy controls to tropomyosin. In the BD group 7/18 (38%) of patients had significantly higher proliferative response ( > Mean ± 3 SD) to bovine tropomyosin, while 6/18 (33%) responded to human tropomyosin compared with the non BD group or healthy controls. Little differences were found between healthy donors, non-BD group and diabetic controls to the stimulation at either 10 or 20 m g/ml of bovine tropomyosin (1·9 ± 0·9 versus 2·3 ± 0·8 versus 1·2 ± 0·3, or 2·1 ± 1·0 versus 2·9 ± 1·2 versus 1·8 ± 0·7). But significantly higher mean lymphoproliferative response was seen in BD patients ( P < 0·02) to bovine tropomyosin (Fig. 1a,b ) compared to either disease or healthy controls (8·6 ± 11·4-10 m g/ml of antigen, or 7·8 ± 7·0-20 m g/ml of antigen). This increased lymphoproliferative responses from BD patients were reproduced when using a recombinant human tropomyosin as antigen (Fig. 1c,d ). While the mean stimulation indices to recombinant human tropomyosin in the healthy controls, non-BD uveitis group and diabetic controls was 1·7 ± 0·8 or 2·4 ± 0·9 or 1·7 ± 1·1-10 m g/ml of antigen and 2·5 ± 1·3 or 2·2 ± 0·9 or 1·7 ± 0·9 for 20 m g/ml of antigen, respectively, the indices were significantly higher in the Behçet's subjects (5·8 ± 5·7 for 10 m g/ml of antigen and 7·7 ± 6·8 for 20 m g/ml of antigen, respectively). All the patients that responded to the bovine tropomyosin also responded to the recombinant tropomyosin except patient 10.
As shown in Table 3 , the stimulation indices to tropomyosin derivative peptides (20 m g/ml) for the healthy controls, BD group, non-BD group and diabetic controls were (1·4 ± 0·7, 2·8 ± 3·2, 1·2 ± 0·5 and 0·8 ± 0·3) against P 1 (1·4 ± 0·8, 3·1 ± 3·1, 1·8 ± 0·9 and 0·9 ± 0·4) against P 2 , or (1·3 ± 0·8, 3·0 ± 2·8, 1·3 ± 0·4 and 0·9 ± 0·5) against P 3 , respectively. Among the three peptides tested P 2 and P 3 showed significantly increased proliferative responses in the BD group compared to only healthy controls (P < 0·05). The three patients who responded to the peptides P 2 and P 3 also responded to the whole protein while patient 10 who responded to P 1 only, showed response to bovine tropomyosin. However, we did not see correlation between proliferative responses and specific clinical manifestation or without treatment.
Serum levels of anti-tropomyosin antibodies
In addition to the cellular immune response of BD patients to tropomyosin antigen, we also examined whether there is a humoral immune responses in BD patients to tropomyosin. We screened all serum samples using a highly sensitive and specific tropomyosin ELISA assay. Although there were no anti-tropomyosin antibodies detectable from either healthy 1  1·2  1·6  1·3  1·1  1·2  1·8  1·2  0·7  0·9  1·2  1·3  0·6  2  1·1  1·3  1·9  0·9  1  1  1·3  0·9  0·8  1  1·8  0·9  3  1·8  1·1  2·1  1·0  1·8  1·3  2·9  1·1  2·4  1·1  2·1  1·1  4  0·9  3  2  1·1  1  0·9  2·3  1·1  0·2  1·2  2  1·0  5  0·8  3·5  1·7  1·1  0·5  1·9  1·2  0·6  1  1·4  1·7  2·0  6  1·5  2·9  1·2  0·3  1·1  8·7*  2·3  0·5  1  9·8*  1·2  0·3  7  0·3  0·7  0·6  0·3  0·2  1·9  1·9  0·2  1·7  0·7  0·9  0·2  8  1  0·7  0·7  0·7  2·9  13·2*  2·3  1·1  0·6  1·2  0·7  1·0  9  1·9  0·6  0·9  1·1  2·3  0·4  3  1·3  1·7  0·6  0·9  1·4  10  0·9  7·5*  1·4  1·5  3·3  2·8  0·8  5·7*  1·4  11  1·5  2·9  1·9  1·5  1·8  3  2·3  2·2  1·9  12  2  14·1*  1·6  1·9  5·7*  3·5  2·9  9*  1·6  13  1·7  2·1  0·5  2·2  2  0·5  1·65  2·1  0·7  14  1·3  3·9  0·4  1·1  2·7  0·8  1·4  4·6  1·0  15  3·4  1·5  1·2  3·1  3  1·2  2·7  3·1  1·2  16  2·1  1·3  0·4  1·7  2·4  0·8  1·3  3·1  1·2  17  1  0·9  1·2  0·7  1  1·9  0·6  1·2  2·1  18  1·3  1  0·7  1·1  2·5  1·0  1·01  4·1  0·9 NL, healthy controls; BD, Behcets disease group; UV, other uveitis (non BD group); DM/PHC, control diabetic patients who had retinal damage due to photocoagulation. P 1 , P 2 and P 3 are the three Tropomyosin derivative peptides. * indicates significant proliferative responses in BD patients compared with disease well as healthy controls (P < 0·02). donors, diabetic controls or from non-BD group, 4/18 patients in the BD group demonstrated significantly higher titres (P < 0·002) of anti-tropomyosin antibodies (> 1 : 10 dilution) (Fig. 2a) . Moreover, when the positive serum samples were blocked by tropomyosin antigen and then tested for anti-tropomyosin antibody titres, there was a dramatic decrease of autoantibodies at lower concentration (10 mg/ ml) of the blocking antigen. At higher concentration (20 mg/ ml) of blocking antigen there were no detectable autoantibodies (Fig. 2b,c) . But there was no correlation between the levels of antitropomyosin antibodies and the T cell proliferative responses.
Discussion
Behçet's syndrome is a multisystemic inflammatory disorder with a number of immunological alterations from the normal suggesting an autoimmune pathogenesis. Autoantibodies have been reported to occur against mucosal cells [5] , endothelial cells [17] , lymphocytes [18] and cardiolipin [19] . Unlike SLE and rheumatoid arthritis, BD does not manifest classical features such as hyper gammaglobulinaemia or anti-nuclear antibodies.
In an earlier study, we reported high titres of antitropomyosin antibody in 26·6% of BD patients without posterior uveitis. However we did not see any T cell specific antigenic responses to tropomyosin in the peripheral blood of affected patients [13] . In the present study, we compared antigen-specific responses to tropomyosin in BD patients with posterior uveitis, healthy donors as well as disease controls. In this series, 33% of BD patients demonstrated lymphoproliferative response to tropomyosin antigen in vitro. This response was not observed in other forms of noninfectious uveitis, patients with retinal damage (photocoagulation) nor in healthy donors. Among these patients, 4/18 patients also showed significantly higher titres of antitropomyosin antibodies. Although no correlation was seen between clinical status and the antigen specific responses, all BD patients in this series had posterior uveitis. The T cell response seen in these BD patients with posterior uveitis is consistent with the proposed Th1 mechanism in the experimental model of uveitis (EAU) [15] and suggests a potential role of tropomyosin in the pathogenesis of a subgroup of BD patients.
Tropomyosins are a family of proteins found in virtually all tissues. The nonmuscle isoforms are associated with the regulation of cytoskeletal structure. Nevertheless, tropomyosin has been implicated as a target autoantigen in various inflammatory conditions, including ulcerative colitis [10] . Das et al. [20] demonstrated in ulcerative colitis patients the presence of autoantibodies to a colonic protein p40, which has structural similarity to cytoskeletal protein tropomyosin. Alpha tropomyosin has been shown to be a major food allergen present in crustaceans, insects and mollusks [9] . Direskeneli et al. [21] suggested that molecular mimicry between microbial and HSP peptides can trigger autoimmune responses in BD patients based on sequence homology between microbial and human HSP. Studies looking at the sequence homology between streptococcal cell wall M proteins as well as tropomyosin reveal shared immunological eptitopes. Fenderson et al. [22] reported a homology of 31% when comparing particular segments of mammalian tropomyosin with streptococcal M protein as well as cross reactivity's between M protein and tropomyosin using monoclonal antibodies. Cross reactivity can occur because of shared epitopes among different proteins. In rheumatic fever and myocarditis, a cross-reacting response between streptococcal cell wall antigens and tropomyosin has been implicated. Immune responses against microbial cell wall proteins can activate a cross-reactive response to self-antigens, thus resulting in an autoimmune disease. Similarities between the streptococcal surface protein and tropomyosin suggests that molecular mimicry might be important in eliciting an immune reaction to tropomyosin leading to the inflammatory manifestations in BD. Past clinical history for evidence of streptococcal infection in these patients even though ambiguous, still did not rule out the possibility of a similar mechanism.
Preliminary experimental results indicate that the autoantibodies produced in these patients react with the normal human retinal tissues as shown by the positive immunolabelling (data not shown). This raises the possibility that tropomyosin might indeed be a target self-antigen in a group of patients with BD. However it is still not clear whether tropomyosin acts as the self-antigen or is an epiphenomenon in BD patients. Alternatively these findings might be secondary phenomena, resulting from a deregulated immune system producing secondary autoantibodies against exposed antigens following any kind of tissue damage in these patients. All BD patients in this study had severe retinal damage. However it is interesting to note that we did not observe similar immune responses to tropomyosin in other causes of retinal damage such as in diabetics following pan retinal photocoagulation.
Various antigens that have been implicated in the pathogenesis of BD including sensitivities to cows milk protein, oral mucosal antigens, heat shock proteins and ocular S antigen. Different studies have shown T cell proliferation to heat shock proteins and its peptides [23] . In an earlier series of 49 patients, a proliferative response to different peptides of HSP60/65 was seen in 52% of BD patients [21] . A review of the literature suggests that BD patients may have cellmediated responses to different antigens [5] [6] [7] 23] . Indeed, the diagnosis of BD is based on an association of different clinical findings, as there is no definite diagnostic test. This may reflect a heterogeneous disease population with different immunopathogenic mechanisms, which explains that only a subpopulation, responds to a particular antigenic stimulation.
Tropomyosins from different species as well as different tissues exhibit similarities in functional as well as chemical properties. There are few differences in the peptide sequences of tropomyosin between different species even though the antigenic structure and epitopes varies from one mammalian species to another [24] . In this study, the six patients who responded to human recombinant tropomyosin showed proliferative responses to the bovine as well. Only four of these patients had shown responses to the peptide sequences that we had selected for in vitro studies. These peptides were designed from the rat sequence based on an MHC motif, which might partially explain these differences.
There are several limitations to the present study. All except one patient were in a clinically quiescent stage of the disease and all had a long duration of disease. The long duration of the disease also raises the question of epitope spread and shift in immune responses. Although many questions yet remain to be answered, it is quite possible that autoimmunity to alpha tropomyosin may not merely be an epiphenomenon; immunization of Lewis rats with alpha tropomyosin peptides led to pathogenic inflammatory lesions consistent with anterior uveitis [13] . Thus, autoimmunity to alpha tropomyosin might, in humans as in rats, trigger uveitis. Further studies looking for evidence of antigen release in the serum of these patients during the active stage of disease would shed light more in to the understanding of these autoimmune phenomena.
